Abstract: Low impact development (LID) strategies aim to mitigate the adverse impacts of urbanization, like the increase of runoff and the decrease of evapotranspiration. Hydrological simulation is a reasonable option to evaluate the LID performance with respect to the complete water balance. The sensitivity of water balance components to LID parameters is important for the modeling and planning process of LIDs. This contribution presents the results of a global sensitivity analysis of model-based water balance components (runoff volume, evapotranspiration, groundwater recharge/storage change) using the US Environmental Protection Agency Storm Water Management Model to the parameters (e.g., soil thickness, porosity) of a green roof, an infiltration trench, and a bio-retention cell. All results are based on long-term simulations. The water balance and sensitivity analyses are evaluated for the long-term as well as single storm events. The identification of non-influential and most influential LID parameters for the water balance components is the main outcome of this work. Additionally, the influence of the storm event characteristics precipitation depth and antecedent dry period on the sensitivity of water balance components to LID parameters is shown.
Introduction
Urbanization implies an increasing imperviousness of surfaces. This process considerably affects the water balance [1] . Runoff increases, whereas evapotranspiration and infiltration/groundwater recharge decrease, resulting in several negative impacts like larger runoff volumes and higher runoff peak rates, increase of flooding event frequency, urban heat islands (UHI), etc. [2] [3] [4] .
Low impact development (LID) is a widely discussed and implemented concept in stormwater management, with the aim to mitigate the adverse impacts of urbanization. The main goal of LID strategies is to maintain or restore the pre-development hydrologic regime [5, 6] . LID tools such as green roofs, bio-retention cells or infiltration trenches use hydrological functions similar to processes that can be observed in natural catchments, e.g., infiltration, evapotranspiration, storage, and attenuation [5, 7] .
Hydrological simulation is a reasonable and accepted option to evaluate the LID performance with respect to the water balance. Therefore, the pre-and post-development hydrological conditions of a catchment are analyzed. Usually, evaluation approaches (e.g., by Coffman [8] ), planning guidelines (e.g., [9, 10] ) as well as previous studies dealing with LID performance (compare review papers by Ahiablame et al. [7] and Eckart et al. [6] ) focus on the runoff component of the water balance. Alterations in evapotranspiration and groundwater recharge/infiltration are neglected, although they play an important role regarding the heat island effect or increased groundwater levels due to artificial groundwater recharge [4, 11] . However, holistic approaches (e.g., Henrichs et al. [12] , Eger et al. [13] ,
Materials and Methods
The following LIDs, which are among the most implemented in stormwater management projects, are investigated: Green roof, bio-retention cell, and infiltration trench.
Bio-retention cells are depressions with an engineered and (partially) vegetated soil mixture placed above a gravel storage bed. Green roofs are a variation of a bio-retention cell with a (partially) vegetated soil layer above a drainage mat that conveys excess water off the roof. Infiltration trenches are ditches filled with gravel providing storage volume for captured runoff to infiltrate into the native soil below [22] . The SWMM setup only consisted of the single LID (green roof) or the LID and the contributing impervious area (bio-retention cell and infiltration trench). The contributing subcatchment to the bio-retention cell and the infiltration is modeled as totally impervious without depression storages.
SWMM simulates LIDs with a soil moisture model consisting of different layers and the corresponding parameters (see layer concept in Figure 1 ). The surface layer accounts for the runoff generation, the infiltration into the soil or storage layer, and optionally provides a surface storage. Storage volume for stormwater retention is provided by the soil and storage layer. The drainage mat layer of a green roof conveys percolated stormwater from the roof. An overview of the layers and parameters and their ranges used for the sensitivity analysis for the mentioned LIDs can be found in Table 1 . For further information about the parameters refer to Rossman and Huber [22] . Please note that the hydrological computations are only affected by the difference between the soil properties and not by their absolute values. In order to reduce the number of parameters, we assumed the wilting point to be zero while adapting the other two soil properties accordingly. The vegetation volume for the infiltration trench was assumed to be zero, according to Rossman and Huber [22] . The optional underdrain for the infiltration trench and bio-retention cell was not considered, as the focus was on LIDs applicable for the restoration of the natural water balance without the projected runoff. Clogging was not considered either, assuming a pretreatment, and as it only affects the already investigated hydraulic conductivity of the soil underneath a gravel storage layer [22] . SWMM considers the processes of runoff, infiltration, and evapotranspiration (for details see Figure 1 ). Consequently, the water balance can be calculated:
where P is the precipitation, R is the runoff volume (overflow + underdrain), ET is the evapotranspiration, GR is the groundwater recharge and ∆S is the change in system storage. Runoff and evapotranspiration are key processes regarding the urban surface hydrology and are investigated individually. The remaining components, groundwater recharge and change in system storage, are investigated jointly. The maximal number of parameters for the GSA is 13 (green roof) and the computation time per run is short (ca. 1-2 min.). These boundary conditions affect the selection of a reasonable GSA method (for the variety of GSA methods compare Saltelli et al. [23] ). According to Saltelli et al. [24] , the variance-based method of Sobol [25] , which can be applied even if the model is non-linear or non-monotonic, is used to calculate the first-order sensitivity index S i as well as the total effect sensitivity index ST i .
where S i is the first-order index, ST i is the total effect index, Y is the variable (model output), X is the parameter, V is the variance, X~i are all parameters but X i , and E denotes the average. 
The first-order index S i represents the main effect contribution of each parameter X i to the variance of the output. It indicates by how much the output variance could be reduced on average if X i could be fixed. S i can be used for the "parameter prioritization" setting finding the most influential parameter that one should measure first in order to reduce the variance. The total effect index ST i accounts for the total contribution to the output variation due to factor X i , thus, it summarizes its first-order effect plus all higher-order effects due to interactions. A total effect index ST i of zero implies that X i is non-influential and can be fixed anywhere in its distribution without affecting the variance of the output. Consequently, ST i can be used for the "parameter fixing" setting. For further information about the GSA method used refer to Sobol [25] , and Saltelli et al. [23] .
In addition to these numerical results, input/output scatterplots (e.g., water balance component versus LID parameter values) are a very simple and informative way to evaluate the results of a sensitivity analysis. Identifying a pattern for such a scatter-plot indicates that this water balance component is sensitive to the LID parameter. The clearer the shape or pattern in the plot, the higher might be the sensitivity. Note that the minimum or maximum of a water balance component does not necessarily appear with the minimum or maximum of the investigated LID parameter as the simulation results are based on parameter samples where interactions between the parameters can occur. However, identifying a mainstream trend (shape or pattern) in the scatterplot indicates that this water balance component is sensitive to the LID parameter.
The sensitivity analysis was implemented using the open-source Python library for Sensitivity Analysis SALib [26] . It uses the sampling scheme proposed by Saltelli [27] , which extends the Sobol sequence of quasi-random numbers [28] . Quasi-random sequences are designed to generate a sample that is uniformly distributed over the unit hypercube (considering the min-max range of the parameters). The total cost of the used method is a number of N(k + 2) simulations, where N is the base sample and k is the number of inputs. With a chosen N of 1000 (in accordance to Saltelli et al. [24] ), the total cost is 15,000 simulations for the green roof and bio-retention cell and 8000 simulations for the infiltration trench.
The precipitation time series used for the simulations has a length of 10 years (1996-2006, Figure 2 ) and is provided by the Austrian Water and Waste Management Association (OEWAV) [29] . It was measured at Graz/Austria and has an average annual precipitation depth of 783 mm. The evaporation rates are computed from daily max-min temperatures provided by the Central Institute for Meteorology and Geodynamics (ZAMG) [30] . SWMM offers this option using the Hargreaves method [31] . The temperature series shows a daily minimum of −21. The water balance and the appropriate sensitivities of the components to LID parameters were calculated with long-term simulations as well as for individual storm events within the long-term simulations. The storm events were detected using an event gap (minimum inter-event time) of 4 h and applying a threshold of 1 mm precipitation depth in 1 h to be considered as an individual storm event (for details see Leimgruber et al. [32] ). The assessment period for the storm event-based water balance covers the time from the start of a storm event to the start of the next storm event, hence, it includes the storm event and the subsequent inter-event time. Subsequently, the term "water balance period" is used for this assessment period. The precipitation depth and the antecedent dry period were calculated for every storm event in order to investigate the effects of these storm event characteristics on the sensitivity of water balance components to the LID parameters. 
Results and Discussion

Long-Term Results
Green Roof
The simulated long-term runoff volume for the green roof ranges between 10.2-54.3% of total precipitation (Equation (1)) and the evapotranspiration between 45.8-89.3% ( Figure 3 ). As the change in system storage of the green roof water balance is approximately zero and, thus, negligibly small compared to the other components for the long-term observation, no further results are presented for this component. The most distinct pattern in the scatter-plots for the green roof runoff volume can be observed for the soil thickness (Figure 3a) indicating that the runoff volume is affected by the soil thickness. A larger soil thickness results in smaller runoff volumes as more stormwater is retained in the green roof. A similar behavior, to a much smaller extent, can be seen for the parameters porosity and field capacity.
The visually derived results are confirmed by the obtained sensitivity indices (Table 2) . Considering the values of the first-order index S i , the most influential parameter for the green roof runoff volume is the soil thickness, followed by the porosity. These observations confirm results presented by Krebs et al. [16] who identified the porosity as one of the most influential parameters for green roof runoff without investigating the soil thickness. The influence of the conductivity slope and the field capacity is rather low. All other parameters show a total effect index ST i of zero (berm height, vegetation volume, surface roughness, surface slope, suction head, drainage mat thickness, drainage mat void fraction, drainage mat roughness) or close to zero (conductivity) ( Table 2) . That implies that these parameters are non-influential. Basically, the findings described for the runoff volume are also valid for the evapotranspiration (see Figure 3b and Table 2 ). In contrast to the runoff volume, larger values of the soil thickness, porosity, conductivity slope, and field capacity result, on average, in an increase of the evapotranspiration. The values for the sensitivity indices are similar, thus, the results for the parameter prioritization as well as for the parameter fixing are identical. This is not surprising for green roofs as the runoff volume and the evapotranspiration are both related to the retention volume: The more stormwater that is retained in the green roof the less runoff can occur and the more water is available for evapotranspiration. Therefore, if the runoff volume is sensitive to a parameter, the evapotranspiration should also be sensitive to it and vice versa.
Infiltration Trench
The long-term runoff volume, evaporation, and groundwater recharge for the infiltration trench ranges between 0.0-6.7%, 8.3-9.3%, and 84.2-91.7%, respectively (Figure 4) . The long-term change in system storage is negligibly small compared to the other components. The scatter-plots for the infiltration trench runoff volume ( Figure 4a ) and groundwater recharge (Figure 4c ) show a rather clear pattern for the berm height, storage thickness, storage void ratio, and storage seepage rate. The larger the mentioned parameters are, the smaller the runoff volume is, whereas the groundwater recharge is larger as more stormwater can be retained (berm height, storage thickness, storage void ratio) or as stormwater infiltrates faster (storage seepage rate), resulting in fewer surcharged conditions and overflow events. The surface roughness as well as the surface slope does not show a pattern.
Regarding the evaporation of the infiltration trench, a distinct pattern can only be found for the storage seepage rate (Figure 4b ). All other parameters do not show a pattern. A smaller seepage rate results in higher values for the evaporation as stormwater is retained for a longer period and, hence, is available for evaporation. However, the results show a very small range (only 1.0% between maximum and minimum), which can be explained with the relatively small evaporation rates of a maximum of 6.4 mm/day in summer compared to the minimal seepage rate of 7.2 mm/h (up to a maximum of 72 mm/h). Thus, infiltration is dominant for an infiltration trench and the investigated parameter ranges. Therefore, there is little variation for the time period in which water is available for evaporation. Additionally, SWMM ignores the response of evapotranspiration to the soil moisture variation [36] . This can also be a reason for little variations obtained for the evapotranspiration values.
The visual observations for the infiltration trench are confirmed by the obtained sensitivity indices (Table 3 ). The total effect index ST i is zero for the surface roughness and surface slope for all three water balance components. Consequently, these two parameters are non-influential for the complete water balance. Regarding the evaporation, only the storage seepage rate appears to be sensitive, but as already mentioned, this result should be handled with care, considering the narrow range of the evaporation values. The storage seepage rate and the storage thickness are the most influential parameters for the runoff volume as well as for the groundwater recharge. Both parameters are affecting the occurrence of surcharged conditions resulting in overflow (runoff) and, thus, less groundwater recharge. The large differences between ST i and S i imply that there are strong interactions between the parameters. The study of Song et al. [20] also revealed the storage thickness, storage void ratio, and storage seepage rate as influential parameters for the infiltration (groundwater recharge) but not the berm height. The difference in results to Song et al. [20] might be caused by their different approaches: Different range for berm height values, one-at-a-time sensitivity analysis instead of a GSA, and only a small storm event instead of the precipitation continuum used for the sensitivity analysis. The precipitation data used in the study [20] is also the reason why the runoff volume appeared to be insensitive to all infiltration trench parameters.
Bio-Retention Cell
The long-term runoff volume, evapotranspiration, and groundwater recharge for the bio-retention cell ranges between 0.0-5.7%, 17.3-17.7%, and 76.6-82.4%, respectively ( Figure 5 ). The long-term change in system change is negligibly small compared to the other components.
The results for the runoff volume and groundwater recharge of the bio-retention cell are correlated. The surface roughness, surface slope, porosity, field capacity, suction head, and storage void ratio do not show a pattern in the scatter-plots for the runoff volume (Figure 5a ) as well as for the groundwater recharge (Figure 5c ) and have a ST i of zero or close to zero (compare values in Table 4 ). Consequently, the mentioned parameters are non-influential for both water balance components. The most influential parameter for the runoff volume and the groundwater recharge is the storage seepage rate, followed by the berm height, the conductivity, and the soil thickness. These parameters affect the emptying time (storage seepage rate, conductivity) and retention capacity (berm height, soil thickness) of the bio-retention cell. In descending order, the evapotranspiration is most sensitive to the conductivity, field capacity, porosity, and storage seepage rate (compare S i in Table 4 ), as they affect the volume of stormwater or the time that stormwater is available for evapotranspiration. However, the range of the evapotranspiration values is very small (only 0.4% between maximum and minimum) and the conclusions of the sensitivity analysis have to be regarded with suspicion, therefore. The reason for this small range is the same as for the infiltration trench: Because of the small evapotranspiration rates of a maximum of 6.4 mm/day in summer compared to the minimal seepage rate of 7.2 mm/h (up to a maximum of 72 mm/h), infiltration is dominant for a bio-retention cell and the investigated parameter ranges. Again, as SWMM ignores the response of evapotranspiration to the soil moisture variation, this can be a reason for little variations obtained for the evapotranspiration values as well. 
Storm Event-Based Results
The storm event separation revealed 775 storm events. The event precipitation depth ranges between 1.1-124.0 mm with a mean of 8.7 mm. The duration of the storm events ranges between 10 min and 25 h with a mean of 3.6 h. The maximum storm event intensity (averaged over the duration) is 74.7 mm/h, the minimum 0.61 mm/h and the mean 3.8 mm/h, whereas the maximum storm peak is 11.4 mm/5 min. The maximal return periods are 19 years, 25 years, and 20 years for a duration of 15 min, 60 min, and 720 min, respectively. The water balance was evaluated based on these storm events in order to investigate the effects of storm event characteristics on the sensitivity of LID parameters to water balance components. The investigated LID parameters were those with the highest first-order indices S i for the respective water balance component. Investigations of other influential parameters have been conducted as well but did not reveal new findings.
In difference to the long-term investigations the change in system storage may not be zero or negligibly small. It is investigated in combination with the groundwater recharge. The storm event characteristics considered for the investigations regarding the runoff volume and storage change/groundwater recharge are the precipitation depth and the antecedent dry period. For the evapotranspiration, the length of the water balance period and the precipitation depth per water balance period were used.
Green Roof
The parameters soil thickness (Figure 6a The storm event characteristics precipitation depth and antecedent dry period show a clear effect on the sensitivity of the runoff volume to the green roof parameter soil thickness. The sensitivity tends to increase with an increasing precipitation depth, while it tends to decrease with an increasing antecedent dry period (Figure 6a ). Storm events with a very small precipitation depth may not result in a runoff as the complete stormwater is retained in the green roof. Thus, the sensitivity is zero or at least small. The antecedent dry period affects the starting conditions, e.g., soil moisture, for the subsequent storm event. The longer the antecedent dry period, the larger is the green roof retention capacity restoration due to evapotranspiration. A long antecedent dry period results in small sensitivities as the green roof may have its full retention capacity at the start of the storm event. Thus, evapotranspiration is a key process controlling the green roof retention (according to Palla et al., Kasmin et al., Stovin et al. [37] [38] [39] ). Especially the combination of a large precipitation depth, and a small antecedent dry period results in a high sensitivity of the runoff volume to the soil thickness, whereas the opposite combination of a small precipitation depth and a long antecedent dry period results in a very small sensitivity (Figure 6a) .
The storm event-based sensitivity of the runoff volume to the green roof parameter porosity also shows a relation to the precipitation depth (Figure 6b ) and antecedent dry period (Figure 6b ), but it is less distinct than to the soil thickness. A longer antecedent dry period results in smaller sensitivity indices. A certain trend to higher sensitivity indices can be found for an increasing precipitation depth, but there are also some storm events with a small precipitation depth that result in high sensitivity indices. SWMM ignores the response of evapotranspiration to the soil moisture variation [36] . Therefore, the availability of water is the most important boundary condition regarding the evapotranspiration. Only if there is water available, evapotranspiration can occur. With respect to the green roof, the availability of water is dependent on the precipitation depth of a storm event and the time to the next storm event (inter-event time) as the soil may become dry. The sensitivity indices tend to increase with an increasing water balance period, as the possibility that the soil falls dry increases (Figure 6c) . A high precipitation depth per water balance period results in very small sensitivity indices as the likelihood that the soil falls dry is small (Figure 6c) . The mentioned effects of the water balance period length and the precipitation depth per water balance period are also valid for the storm event-based sensitivity of the evapotranspiration to the green roof parameter porosity (see Figure 6d ).
Infiltration Trench
The investigated parameters for the infiltration trench are the storage thickness (Figure 7a According to planning guidelines, the infiltration trench should not show a runoff or at least only with a certain recurrence time. Therefore, the runoff should only be sensitive to an infiltration trench parameter for storm events resulting in surcharged conditions with runoff. Besides a high precipitation depth, a short antecedent dry period potentially causes overflow events as the infiltration trench may not have its full storage capacity at the start of the storm event. The obtained results confirm the mentioned assumptions: The runoff volume is only sensitive to the storage thickness (Figure 7a) as well as to the storage seepage rate (Figure 7b ) for storm events with a high precipitation depth and/or a short antecedent dry period.
The storage change/groundwater recharge is highly sensitive (S1 ≈ 1.0) to the storage seepage rate for the predominant part of the storm events (Figure 7d ) as this parameter affects the emptying time of the infiltration trench having a big influence on the storage change/groundwater recharge especially for the short-term investigation. Only storm events with high precipitation depths and small antecedent dry periods tend to show smaller sensitivity indices. Such storm events potentially result in runoff, affecting also the storage change/groundwater recharge as overflowing water is not available for infiltration anymore. On the contrary, a sensitivity of the storage change/groundwater recharge to the storage thickness appears only for a small number of storm events with high precipitation depth and/or small antecedent dry period (Figure 7c ). This result is correlated to the result for the runoff volume (Figure 7a) as the storage thickness influences the appearance of surcharged conditions resulting in a runoff and affecting the storage change/groundwater recharge.
Bio-Retention Cell
The investigated parameters for the bio-retention cell are the storage seepage rate (Figure 8a The results for the sensitivities of the runoff volume to the bio-retention cell parameters storage seepage rate (Figure 8a ) and berm height (Figure 8b ) are in accordance with the appropriate results for the infiltration trench (Figure 7a,b) : Sensitivities can only be found for storm events with a high precipitation depth and/or a short antecedent dry period that may cause surcharged conditions and runoff.
The storage change/groundwater recharge is sensitive to the bio-retention cell parameters storage seepage rate (Figure 8c ) and berm height (Figure 8d ) only for a few storm events. Regarding the berm height, the results are correlated to the results for the runoff volume (see Figure 8a) . The berm height influences the occurrence of surcharged conditions resulting in runoff and affecting the storage change/groundwater recharge. Such surcharged conditions appear in conjunction with storm events that show a high precipitation depth and/or a small antecedent dry period. Regarding the storage seepage rate, the storage change/groundwater recharge is sensitive to it also for some storm events with smaller precipitation depths but again only for storm events with a short antecedent dry period.
General Discussion
The long-term GSA revealed non-influential and influential parameters for the water balance of the three investigated LIDs. These results are valuable when using SWMM for planning/modeling LIDs regarding the water balance.
The stormwater retention capacity (affected by the green roof soil thickness and porosity, the infiltration trench storage thickness, and the bio-retention cell berm height) and the emptying time (affected by the storage seepage rate of the infiltration trench and bio-retention cell) are important characteristics affecting the water balance. The simulated evapotranspiration shows a very small range as infiltration is the dominating process and as SMMM ignores the response of evapotranspiration to the soil moisture variation. The results are mostly in agreement with other studies. Krebs et al. [18] also identified the porosity as an important parameter for green roof runoff. The study of Song et al. [20] also revealed the storage thickness, storage void ratio, and storage seepage rate as influential parameters for the infiltration (groundwater recharge). Differences in results to this study are caused by different boundary conditions like the sensitivity analysis method used for the study, parameter ranges, or precipitation data.
The storm event-based GSA showed that the sensitivity of water balance components to LID parameters is influenced by storm event characteristics. The precipitation depth and antecedent dry period affect the occurrence of runoff or surcharged conditions by controlling the stormwater load and the restoration of available storage volume/retention capacity. The evapotranspiration and seepage are key processes controlling the LID retention capacity restoration, especially during the inter-event time. Palla et al., Kasmin et al., and Stovin et al. [37] [38] [39] identified the evapotranspiration as a key process controlling the green roof retention as well. The length of the water balance period, which depends on the inter-event time, is crucial for the evapotranspiration as it might limit the water availability. Consequently, long-term evaluations have to be used for a reasonable assessment of LID performance regarding the evapotranspiration.
The storm event-based GSA results indicate that the boundary conditions precipitation depth and antecedent dry period affecting the system state at the start of a storm event have to be considered using long-term simulations even if dealing with single storm event investigations.
The influence of storm event characteristics on the GSA results indicates that using another precipitation time series for the investigations could produce differing GSA results. E.g., a precipitation time series with less annual precipitation depth may not result in any runoff for the infiltration trench or bio-retention cell. Consequently, no sensitivities would be determined for the long-term nor for the storm-event based runoff. A similar impact is valid for the temperature that controls the evapotranspiration. Lower temperatures and consequently lower evapotranspiration rates affect the drying time, e.g., of the green roof soil. Hence, it can occur that the soil never falls dry, resulting in no sensitivities.
Conclusions
This study presents the results of a GSA of the simulated water balance to the parameters of a green roof, an infiltration trench, and a bio-retention cell. All evaluations are based on long-term simulations of 10 years using SWMM. The water balance and in succession the sensitivity indices were determined for the long-term and for storm event results. These evaluations account for an overall picture of the LID parameter influence on the water balance.
The long-term GSA revealed LID parameters that are non-influential for the complete water balance:
• There were nine parameters for the green roof (berm height, vegetation volume, surface roughness, surface slope, conductivity, suction head, drainage mat thickness, drainage mat void fraction, drainage mat roughness), • There were two parameters for the infiltration trench (surface roughness, surface slope), and • There were three parameters for the bio-retention cell (surface roughness, surface slope, suction head).
The most influential parameters were:
• Soil thickness for green roof volume and evapotranspiration, • Storage seepage rate for the complete water balance of the infiltration trench as well as for the bio-retention cell runoff volume and groundwater recharge, and • Conductivity for bio-retention cell evapotranspiration.
The identification of the most influential parameters is helpful for practitioners to know which parameter should be measured first and with the highest effort in order to reduce the variance of simulation results most. Consequently, non-influential parameters can be given a lower priority as they can be fixed anywhere in their range of variation without affecting the output of interest.
The storm event-based analysis showed that the influence of LID parameters on the water balance components varies. While several storm event results showed no sensitivity of water balance components to LID parameters, some other storm event results showed a very high influence of LID parameters on the water balance components. The storm event characteristics precipitation depth and antecedent dry period affect the runoff volume and storage change/groundwater recharge sensitivity, whereas the precipitation depth and length of water balance period affect the evapotranspiration sensitivity.
The storm event-based results indicate that the inter-event time cannot be neglected when planning and/or modeling LIDs. Thus, long-term simulations have to be used even if dealing with single storm event investigations.
The parameter fixing (identification of non-influential parameters) and parameter prioritization through the long-term sensitivity analysis is the main outcome of this study. The results should be considered when using SWMM for a holistic LID planning approach based on long-term simulations and considering the complete water balance.
This study focused on the water balance of LIDs. Potential areas for future research will be investigations on the sensitivity of the hydrograph (e.g., runoff peak and time to peak) and the pollutant removal efficiency to LID parameters. Furthermore, other types of LIDs could be investigated, and the GSA could be conducted using other precipitation and temperature time series. 
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